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During an investigation conducted December 17–20, 2001, we collected environmental samples from a
U.S. postal facility in Washington, D.C., known to be extensively contaminated with Bacillus anthracis
spores. Because methods for collecting and analyzing B. anthracis spores have not yet been validated,
our objective was to compare the relative effectiveness of sampling methods used for collecting spores
from contaminated surfaces. Comparison of wipe, wet and dry swab, and HEPA vacuum sock samples on
nonporous surfaces indicated good agreement between results with HEPA vacuum and wipe samples.
However, results from HEPA vacuum sock and wipe samples agreed poorly with the swab samples. Dry
swabs failed to detect spores >75% of the time when they were detected by wipe and HEPA vacuum sam-
ples. Wipe samples collected after HEPA vacuum samples and HEPA vacuum samples collected after
wipe samples indicated that neither method completely removed spores from the sampled surfaces.
he Brentwood Mail Processing and Distribution Center in
Washington, D.C., was extensively contaminated with
Bacillus anthracis spores after two letters containing spores
were processed at this facility on October 12, 2001 (1). Subse-
quently, inhalational anthrax developed in four postal workers.
An investigation in late October 2001, using surface wipe and
HEPA vacuum sock sampling techniques, showed widespread
B. anthracis spore contamination inside the building. Spore
concentrations were particularly high around Delivery Bar
Code Sorter (DBCS) machine no. 17, which had processed the
letters, and in the government mail area, where the letters had
been processed before being distributed. 
This report describes the results of sampling for B. anthra-
cis spores in an investigation conducted December 17–19,
2001, by the Centers for Disease Control and Prevention
(CDC), the Agency for Toxic Substances and Disease Registry
(ATSDR), the U.S. Postal Service (USPS), and a USPS con-
tractor. At the time of this investigation, technical issues
regarding sampling and analyses for B. anthracis spores
remained unresolved, such as which technique for surface
sampling (swabs, wipes, or HEPA vacuum socks) is most
appropriate for collecting spores in specific situations, how the
different types of surface sampling methods compare, and how
effectively the sampling methods collect spores from contami-
nated surfaces. Surface sampling to determine the presence of
B. anthracis spores in an environment is essential for deter-
mining extent of contamination, assessing potential for expo-
sure and need for medical treatment, and guiding clean-up and
reentry efforts. 
Sampling methods (swabs, wipes, rinses, direct agar con-
tact, and vacuuming) have been evaluated for collecting
microorganisms from surfaces (2–7), primarily in laboratory
settings. B.  subtilis spores, which may behave much like B.
anthracis spores, have been frequently used as the microbio-
logic agent sampled. Substantial variation in sample recoveries
was observed for the various methods. In addition, the meth-
ods have not been validated specifically for collecting and ana-
lyzing  B. anthracis spores in environmental samples. The
primary objective of our survey was to compare the levels of
B. anthracis spores in side-by-side samples obtained by the
surface swab, wipe, and HEPA vacuum sock methods to evalu-
ate their relative effectiveness.
USPS representatives and a USPS contractor had con-
ducted clean-up operations at the Brentwood facility since late
October. However, much of the facility had not been cleaned
and was believed still contaminated with B. anthracis spores.
Even though the DBCS machine (no. 17) that processed the
contaminated letters had been cleaned by HEPA vacuum,
washed with a 10% sodium hypochlorite solution followed by
neutralization with a sodium thiosulfate solution, and rinsed
with water, this machine was reportedly still contaminated
with B. anthracis spores (8). For these reasons, the Brentwood
facility was thought to be a good location to compare surface
sampling and analytical methods.  
Methods
Surface sampling was conducted by using swabs, wipes,
and HEPA vacuum socks. To compare the sampling techniques,
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we selected locations where the three types of samples could be
collected adjacent to each other on nonporous surfaces, with an
emphasis on locations believed to be still contaminated with B.
anthracis spores. The locations sampled included the surfaces
of selected DBCS machines (particularly machine no. 17),
return air ducts, tops of the window boxes along the postal
inspector walkways, and the tops of mail sorting bins in a
secure area approximately 23 m from DBCS machine no. 17.
The order in which the samples were collected varied in a ran-
domized fashion from location to location; each site was
assigned a location number and sampled according to a prede-
termined, randomized plan. We used the randomized sampling
plan to reduce sampling biases that might be caused by nonuni-
form distribution of spores across surfaces and affected by the
order in which samples were collected. 
Seven swab, six wipe, and five HEPA vacuum sock sam-
ples were collected as control samples; that is, these samples
were handled in the same way as others but not used to sample
any surfaces. The purpose of these control samples was to
evaluate the potential contamination of sample media, unre-
lated to actual sample collection. 
Nine additional blank HEPA vacuum sock samples were
collected to estimate cross-contamination by inserting them
into the vacuum nozzle after a HEPA vacuum sock sample had
been collected and the nozzle cleaned; these socks were then
withdrawn and placed in a sterile conical tube for laboratory
analysis.
Investigators were given written instructions for collecting
samples at each selected location (Figure 1). The surface areas
sampled by each technique were intended to be comparable,
but not necessarily equal. In particularly dirty areas, swabs and
wipes could not cover as large a surface area as the HEPA vac-
uum sock samples without becoming overloaded; investigators
were instructed to avoid overloading the samples by reducing
the size of the surface sampled. 
The following procedures, used to collect the three types
of surface samples, were recommended for collecting surface
environmental samples for culturing B. anthracis (9). The sur-
face samples were all collected after investigators had donned
nonpowdered gloves over two pairs of nitrile protective
gloves, as part of the personal protective gear. The area of the
surface sampled was measured with a tape measure and
recorded in square centimeters.  
Swab samples were collected by removing a sterile, rayon
(noncotton) swab (Environmental Swab Kit, CDC, Atlanta,
GA) from a sterile tube, moistening it by inserting it into a sec-
ond tube which contained a sponge soaked with sterile 1.5 mL
of phosphate-buffered saline (PBS) at pH 7.2, and then swab-
bing the selected surface by moving the swab back and forth
across the surface with several horizontal strokes, then several
vertical strokes. The swab was rotated during sampling to
ensure that the entire surface of the swab was used. After sam-
pling, the swab was returned to its original, prelabeled sam-
pling tube for submission to the laboratory. At every selected
location, premoistened swabs were collected. Approximately
half the sites were also sampled again with unmoistened dry
swabs to compare the sampling efficiency of dry swabs to wet
swabs and other techniques. 
Wipe samples were collected on selected surfaces with a
7.62 x 7.62 cm sterile rayon gauze pad (Dukal Corp., Syosset,
NY) premoistened with approximately 5 mL sterile water
(Baxter Healthcare Corp., Deerfield, IL). The surface was
thoroughly wiped back and forth by using several vertical
strokes, folding the exposed side of the pad, and making sev-
eral horizontal strokes over the same area with the other side
of the wipe. The pad was then placed in a prelabeled, 50-mL
sterile conical tube and sealed with a cap.
HEPA vacuum sock samples were collected by inserting a
cone-shaped filtering trap (dust collection filter sock; Midwest
Figure 1. Sample instructions for collection of swab, wipe, and HEPA
vacuum sock samples, Brentwood Mail Processing and Distribution
Center, 2001. For specific location, investigator was given these
instructions (exact text follows). Divide the selected space into three
sections where each of the three types of surface samples (swab, wipe,
HEPA vacuum sock) may be collected. Follow the random key above to
designate which section will be sampled by each method and in which
order the samples will be collected (follow top to bottom). Record the
area of surface sampled by each method. The surface areas need not
be equal, but should be sufficient to provide adequate sample collection
for each method. Sample order for location was: 1) Collect the HEPA
vacuum sock sample first and record surface area. After sampling,
clean vacuum nozzle with alcohol and insert clean vacuum sock;
remove this sock without sampling to serve as “contamination blank.” 2)
Collect the WIPE sample second and record surface area. 3) Collect
the SWAB samples third and record surface area. The first swab sam-
ple should be collected without moistening it. The second swab sample
should be sampled pre-moistened. Take care not to overload swabs. 4)
Collect an additional WIPE sample across the entire area which had
been sampled by HEPA vacuum sock. 5) Collect an additional HEPA
vacuum sock sample across the entire which had been sampled by
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Filtration Co., Fairfield, OH) into the nozzle of a HEPA vac-
uum cleaner (Atrix International Inc., Burnsville, MN). The
vacuum had an electric motor (120 V, 6.6 A, 1 hp) to provide
suction of 28 cubic feet (792.4 L) per min through the vacuum
nozzle (Figure 2). The plastic sleeve of the dust collection trap
was folded over the outside of the nozzle and held in place by
hand while the vacuum nozzle was moved slowly back and
forth across the sampled surface. The dust collection trap was
removed from the vacuum nozzle, placed in a prelabeled, 50-
mL sterile conical tube, and sealed with a cap. Before inserting
a clean sock into the vacuum nozzle and collecting a subse-
quent sample, the investigator put on a new pair of gloves and
wiped the inside of the vacuum nozzle thoroughly with an
alcohol wipe, to physically remove contamination from the
nozzle surface (not to sterilize the surface because alcohol
does not effectively kill B. anthracis spores [10]). To deter-
mine whether cross-contamination of subsequent vacuum
samples might occur through contamination of the vacuum
nozzle during sampling, occasionally a filter sock was inserted
into the vacuum nozzle after a sample had been collected and
the nozzle cleaned, but the sock was then simply withdrawn
and placed in a sterile conical tube for laboratory analysis.
Swab and wipe samples were extracted in a laboratory
operated by the USPS contractor at the Brentwood facility.
The samples were extracted by adding 20–30 mL 0.3% Tween
20 in PBS to a 50-mL Blue Falcon screw-top tube (Becton
Dickinson Labware, Franklin Lakes, NJ) and vortexing the
tube for 3 min. The contents of the tube were allowed to settle
for 5 min, and swabs and wipes were removed. The tube was
centrifuged at 3,000–4,500 rpm, 15–30 min at 10°C, the super-
natant removed by decanting, and the pellet was resuspended
in 2 mL 0.3% Tween 20 in PBS solution. Approximately half
the resuspended extract was shipped to CDC Bioterrorism
Surge Capacity and Anthrax Laboratories for culture and con-
firmatory analysis. The remaining half of the resuspended
extract was retained at the laboratory at the Brentwood facility
for polymerase chain reaction (PCR) analysis (unpub. data). 
At CDC, 0.1 mL of the suspension (approximately 10% of
the extract solution) was plated to trypticase soy agar with 5%
sheep blood and streaked for quantification. The plates were
incubated at 35°C–37°C in ambient air and examined after 24
h and 48 h. Suspect colonies were screened by Level A proce-
dures for identification of B. anthracis (11). Identification of
all strains was confirmed by standard microbiologic proce-
dures and the Laboratory Response Network (LRN) testing
algorithm (12,13). Results of these samples were reported as
number of CFUs per plate. To estimate CFUs per sampled sur-
face area, the number of CFUs per plate was multiplied by 20
(2 mL extract solution divided by 0.1 mL plated solution) and
divided by the recorded surface area in square centimeters.
When the number of colonies on the culture plates exceeded
approximately 300, they were reported as too numerous to
count. 
The HEPA vacuum sock samples were analyzed by an
LRN contract laboratory. The HEPA vacuum socks and their
contents were weighed on a precision balance. We used the
average weight of five unused sock samples to estimate the
presampling weight of the vacuum socks; the average weight
of the unused socks was 0.70 g (standard deviation 0.02 g).
The average weight was subtracted from the postsampling
weight of each sock sample to determine the weight of its con-
tents. Approximately 20–30 mL 0.3% Tween 20 in PBS was
added to a 50-mL cup containing the sock and its contents and
placed on a shaker for 30 min. The contents of the cup were
allowed to settle for 5 min; the supernatant then was poured
into a 50-mL Blue Falcon screw-top tube (Becton Dickinson
Labware). The tube was centrifuged at 3,000–4,500 rpm, for
15–30 min at 10°C; approximately 90% of the starting volume
was then removed. The pellet in the bottom of the tube was
resuspended in approximately 2 mL 0.3% Tween 20 in PBS,
and 0.1 mL (two drops from Pasteur pipette) and 0.01 mL
(added by using a calibrated loop) of the suspension were
plated to two trypticase soy agar plates with 5% sheep blood
and streaked for quantification. The plates were incubated and
screened, and suspect colonies were identified by using the
same laboratory methods used for the swab and wipe samples.
Results of these samples were reported as CFU/g of material
collected; the estimated weights of the sock contents were also
reported. To estimate CFU per sampled surface area, the
reported CFU/g were multiplied by the reported weight of the
sock contents and divided by the recorded surface area in
square centimeters.
To evaluate the effectiveness of the wipe and HEPA vac-
uum samples for removing spores from surfaces, at some loca-
tions we collected wipe samples over the same surface area
previously vacuumed, as well as HEPA vacuum samples over
the same surface area previously wiped. We compared the rel-
ative difference in CFU/cm2 reported for the two methods to
evaluate the removal efficiency of the wipe and HEPA vacuum
sock samples. 
Operations to decontaminate the Brentwood facility had
been done since late October 2001 by using HEPA vacuums
and sodium hypochlorite solutions. These clean-up operations
Figure 2. Photograph of HEPA vacuum cleaner and sock sample.BIOTERRORISM-RELATED ANTHRAX
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focused on the DBCS machines. Swab, wipe, and HEPA vac-
uum sock samples of DBCS machine surfaces that had been
cleaned were collected to evaluate the effectiveness of clean-
up operations.
PC-SAS computer software was used for all statistical
analyses (14). Sample results (positive vs. negative) were ana-
lyzed by using simple descriptive statistics, including counts
and percents. Agreement between paired sampling methods
was assessed by using Cohen’s Kappa, a statistical method that
measures agreement beyond what would be expected based on
chance alone (15). Kappa scores <0.4 were considered poor
agreement, while scores >0.75 indicated excellent agreement;
Kappa scores between these values indicated fair to good
agreement. Sample levels (CFU/cm2) were analyzed by simple
descriptive statistics, including sample median and range.
Spearman’s rank correlation coefficient significance tests that
do not assume normality were used as a measure of the associ-
ation between two paired sampling methods (16). Agreement
between paired sampling methods with respect to ordered cat-
egories (0, 0.1–1.6, 1.7–15.5, and >15.5 CFU/cm2) was
assessed by using Kendall’s tau-b statistic, which measures
ordinal association (17). 
Results
Descriptive statistics for the culture analysis of the dry and
wet swab, wipe, and HEPA vacuum sock samples are shown in
Table 1. B. anthracis was cultured from 4 (14%) of 28 dry
swab samples, while 36 (54%) of 67 wet swabs were culture
positive. Fifty-eight (87%) of 67 of the wipe samples and 51
(80%) of 64 of HEPA vacuum sock samples were culture posi-
tive. Although CFUs/cm2 were reported for each positive sam-
ple, these results should only be considered semiquantitative;
absolute concentrations cannot be directly compared across
the sampling methods. However, the calculated concentrations
of B. anthracis spores in the culture-positive HEPA vacuum
sock samples tended to be greater than in the other types of
samples. 
None of the blank control samples was positive for B.
anthracis spores. Of the nine blank HEPA vacuum samples
collected from the vacuum nozzle to estimate cross-contami-
nation, eight were culture negative; one B. anthracis CFU was
detected in one sock. 
The results of the dry swab samples are compared with
results obtained by using the other types of samples (Table 2).
Dry swab samples were collected at 28 locations. These results
indicate that when corresponding wipe and HEPA vacuum
sock samples were culture positive for B. anthracis spores, the
dry swab samples detected B. anthracis 4 of 23 times. When
the corresponding wet swabs were positive for B. anthracis
spores, the dry swabs detected B. anthracis 4 of 13 times. At
no time were the dry swabs positive while the other types of
corresponding samples did not detect spores. Results of the
dry swabs were not included in further comparisons.
A total of 58 sets of wet swab, wipe, and HEPA vacuum
sock samples collected side-by-side were available for com-
parison, and 67 sets of wet swab and wipe samples collected
side-by-side were also available for comparison (Table 3).
Results of wet swab and wipe sample analysis were concor-
dant in 64% of the sample comparisons; 23 wipe samples were
reported as culture positive when the wet swab samples failed
to detect spores, and 1 culture-positive wet swab sample was
reported when the corresponding wipe sample was culture
negative. Results of the wet swab and HEPA vacuum sock
samples were also concordant on 64% of the sample compari-
sons with similar results as the wet swab and wipe compari-
son. Twenty-one (36%) HEPA vacuum samples were reported
as culture positive when the wet swab samples were negative,
but no culture-positive wet swab samples were ever reported
when the corresponding HEPA vacuum sock samples were
negative. Results of HEPA vacuum sock and wipe samples
were concordant 84% of the time; when they were discordant,
the corresponding HEPA vacuum sock and wipe samples did
not detect B. anthracis spores about the same number of times
(five negative for HEPA vacuum sock and four negative wipe
samples). Only the comparison of HEPA vacuum sock versus
wipe sample had a Cohen’s Kappa score >0.4, indicating fair
to good agreement (Table 3).  
The HEPA vacuum sock samples typically collected higher
concentrations of B. anthracis spores than both the wet swab
and wipe samples, and the wipe samples collected higher con-
centrations of spores than the wet swab samples (Table 4).
These comparisons indicate good agreement between the
HEPA vacuum sock samples and the wipe samples (Kendall’s
tau-b 0.66; Spearman’s rank correlation coefficient 0.81).









Negative Low Medium High
Dry swab 28 4 (14) 0.45–232.5 60.9 24 1 1 2
Wet swab 67 36 (54) 0.78–232.5 15.5 31 4 14 18
HEPA vacuum 64 51 (80) 0.3–81,000 23.1 13 9 14 28
Wipe 67 58 (87) 0.02–232.5c 5.4 9 9 36 13
aPositive samples only.
bLevel of B. anthracis (CFU/cm2): negative = 0, low = 0.1–1.6, medium=1.7–15.5, and high=>15.5.
c232.5 CFU/cm2 is the maximum value considered too numerous to count for a concentration; 300 CFU is the maximum value considered too numerous to count for a culture.Emerging Infectious Diseases  •  Vol. 8, No. 10, October 2002 1149
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Although wet swabs were correlated with both the HEPA vac-
uum samples and the wipe samples, the agreement was not as
strong.
The randomly selected surface areas where 13 HEPA vac-
uum sock samples had been collected were immediately sam-
pled again with wipe samples. All the HEPA samples were
positive for B. anthracis spores ranging in concentrations from
0.5 to 310 CFU/cm2. The spore concentrations collected by the
subsequent wipe samples (0 to 16 CFU/cm2)  were usually
lower than the original vacuum samples; only two of the sub-
sequent wipe samples were negative for B. anthracis spores. 
The surface areas where 12 wipe samples were collected,
corresponding to 12 of 13 HEPA vacuum sock samples, were
immediately sampled again with HEPA vacuum sock samples.
All the wipe samples were positive for B. anthracis spores,
ranging in concentrations from 1.4 to 233 CFU/cm2. Only one
of the subsequent HEPA vacuum samples was negative for
spores and the concentrations in nine of the HEPA vacuum
sock samples were virtually the same as on the original wipe
samples. 
Discussion
The results of the side-by-side comparison of swab, wipe,
and HEPA vacuum sock samples on nonporous surfaces indi-
cated good agreement between the HEPA vacuum sock and
wipe samples. However, the HEPA vacuum sock and wipe
samples agreed poorly with the swab samples. The wet swabs
did not detect spores >33% of the time when spores were
detected by the wipe and vacuum sock samples. The dry swabs
performed especially poorly, failing to detect spores >66% of
the time when spores were detected by wipe and vacuum sock
samples. Based on these results, dry swabs should not be used
to sample for B. anthracis environmental contamination.
Applying wet swabs in certain circumstances may be useful,
for example, to sample crevices, inside machinery, and places
difficult to reach by wipe and HEPA vacuum samples; how-
ever, dry swabs should not be used to sample surfaces where
wipe and HEPA vacuum samples are likely to yield superior
results. Sampling with wipes and HEPA vacuum socks is
likely to yield very similar results on nonporous surfaces;
wipes are preferable for sampling surfaces with relatively light
dust, while HEPA vacuum socks should be selected to sample
surfaces with heavy dust. Wipes may become quickly over-
loaded on dusty surfaces and thus unable to cover a large sur-
face area. The sampling sensitivity of HEPA vacuum socks
may be greater because they can collect large dust loads over
much larger surface areas than wipes. 
The relative difference between the wipe samples and the
subsequent HEPA vacuum sock samples was not influenced by
the initial concentration of spores collected by the wipe sam-
ples. After especially dirty areas were sampled with both
wipes and HEPA vacuum sock samples, residual dirt was often
still visible.
The samples were collected side by side so that the exact
same surface area was not sampled by all methods. Because of
nonuniform distribution, spore concentrations may have varied
across the surfaces sampled by each method. However, we
also set the order of sampling as random, making it unlikely
that any particular method consistently encountered fewer
spores than the other methods. Strong differences in these par-
ticular results more likely resulted from the sampling tech-
nique and not to nonuniform distribution of spores on these
highly contaminated surfaces, where the different types of
samples were collected very close to each other. 
Table 2. Dry swab versus other sampling methods for 28 locations, Brentwood postal facility, December 17–19, 2001
Method
Dry swab
No. concordant samplesa No. discordant samplesb Correlation
Positive (%) Negative (%) Dry positive Dry negative rs
c p valued
Wet swab 4 (14) 15 (54) 0 9 0.43 0.024
HEPA vacuum 4 (14) 5 (18) 0 19 0.21 0.282
Wipe 4 (14) 5 (18) 0 19 0.07 0.719
aTwo samples from the same location are concordant if both positive or both negative for Bacillus anthracis spores.
bTwo samples from the same location are discordant if one is positive and the other negative for B. anthracis spores.
crs denotes Spearman’s correlation coefficient between level of B.  anthracis (CFU/cm2) obtained by using the dry swab method and the level of B. anthracis obtained by using the 
comparison sampling method.
dp value for null hypothesis of zero correlation.




No. concordant samplesa No. discordant samplesb
Cohen’s 
Kappa  Positive (%) Negative (%) Positive method Positive method
Wet swab vs. wipe 67 35 (52) 8 (12) Wet swab = 1 Wipe = 23 0.24
Wet swab vs. HEPA vacuum 58 27 (47) 10 (17) Wet swab = 0 HEPA vacuum = 21 0.31
Wipe vs. HEPA vacuum 58 44 (76) 5 (9) Wipe = 5 HEPA vacuum = 4 0.43
aTwo samples from the same location are concordant if both positive or both negative for presence of Bacillus anthracis spores.
bTwo samples from the same location are discordant if one is positive and the other negative for presence of B. anthracis spores.BIOTERRORISM-RELATED ANTHRAX
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In areas likely to have been contaminated over a broad sur-
face at high concentrations (such as DBCS machine no. 17), an
adequate number of spores for detection was likely available
for all three sampling techniques, but in other, less-contami-
nated areas, fewer spores were available for detection. Surface
sampling clearly has inherent limitations. If investigators are
careful to avoid contamination of the samples, the number of
false-positive samples is reduced. However, sampling all sur-
faces within a building is not practical, and some surfaces con-
taining B. anthracis spores might be missed. 
The measurements collected in this study were not ade-
quate to evaluate the sampling efficiencies of wipe and HEPA
vacuum sock samples, particularly since the initial concentra-
tions of spores on the sampled surfaces were unknown. How-
ever, sequential HEPA vacuum sock samples indicated better
collection efficiency on nonporous surfaces than wipe sam-
ples. This efficiency is evident because wipe samples collected
following vacuum samples were much lower than the initial
vacuum samples, while the vacuum samples collected after
wipe samples often collected a similar concentration of spores
as the initial wipe samples. Care was taken after sampling to
stay within the previously sampled area, but spores from out-
side the previously sampled area may have been inadvertently
collected by the HEPA vacuum samples (e.g., spores from sur-
rounding unsampled areas may have been drawn into the
HEPA vacuum sock).
To avoid contamination of the vacuum when collecting
samples, using disposable inserts may be more appropriate,
such as cardboard sleeves, which can be placed inside the vac-
uum nozzle; the sampling sock can then be inserted into the
sleeve and discarded after sampling. These sleeves should be
discarded after sampling. Disposable inserts may prevent
cross-contamination of the vacuum nozzle or subsequent sock
samples. Care must be taken to prevent contamination of the
inserts before they are used for sampling. While vacuum noz-
zles may not always be completely cleaned after sampling, our
investigation indicated that cross-contamination could not be
the reason for the high concentrations of spores detected on the
numerous HEPA vacuum sock samples.
The results of this investigation may be used to guide
future sampling efforts and serve as a baseline for follow-up
measurements after the building has been cleaned further. The
sampling and analytical techniques used in our study may pro-
vide useful reference for evaluations of other situations in the
future. This study provides additional evidence for the need to
quantify sampling efficiency to develop the type of limit-of-
detection data normally created for other types of sampling
and analytical methods. The collection efficiency (removing
spores from the surface) and recovery efficiency (removing
spores from the sampling media) need to be further evaluated
for these methods. Our study focused on sampling nonporous
surfaces; under these circumstances, HEPA vacuum sock sam-
ples and wipe samples performed similarly. However, this
level of agreement may be difficult to achieve in sampling
porous materials such as carpet and furniture, and the collec-
tion efficiency of sampling methods on other surfaces needs to
be evaluated. Understanding the sampling efficiency of these
methods on various types of surfaces is a critical requirement
for future efforts to develop numerical criteria for surface con-
tamination and potential exposures to humans. Lack of under-
standing about the efficiency of various sampling methods
limits our ability to determine whether an environment has
been adequately cleaned.
Acknowledgments
We thank Rosemary Sokas for leadership and guidance on this
study; Matthew Gillen and Barry Skolnick for insightful comments;
Matthew Arduino, Mark Durno, Max Kiefer, and Peter Kowalski for
their careful review of this manuscript; and Belinda Johnson and
Donald Booher for laboratory support.
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Comparison of concentration levels HEPA vacuum vs. wet swab (n=58) HEPA vacuum vs. wipe (n=58) Wet swab vs. wipe (n=67)
Levelsa agreeb 22 38% 26 45% 24 36%
    Negative   10 5 8
    Low 1 2 0
    Medium 0 8 10
    High 11 11 6
Levels disagree 36 62% 32 55% 43 64%
    Higher levels 34 HEPA vacuum 23 HEPA vacuum 13 Wet swab
    Higher levels 2 Wet swab 9 Wipe 30 Wipe
Kendall’s tau-b 0.58 0.66 0.47
Spearman’s correlation rs (p value)c 0.73 (<0.0001) 0.81 (<0.0001) 0.52 (<0.0001)
aLevel of B. anthracis (CFU/cm2): negative = 0, low = 0.1–1.6, medium=1.7–15.5, and high=>15.5.
bTwo samples from the same location agree if they are concordant and are both in the same grouping.
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